A new type of nylon oligomer degradation enzyme (EIII) was purified from an Escherichia coli clone harboring the EIII gene (nyiC). This enzyme hydrolyzed the linear trimer, tetramer, and pentamer of 6-aminohexanoate by an endo-type reaction, and this specificity is different from that of the El (nylA gene product) and EU (nylB gene product). Amino acid sequencing and sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the purified EIII demonstrated that the enzyme is made of two polypeptide chains arising from an internal cleavage between amino acid residues 266 and 267.
Enzymes responsible for the degradation of man-made compounds are not only interesting in terms of the enzyme evolution but also important for the biological removal or detoxification of the synthetic compounds released into the natural environment. We have revealed that two enzymes, 6-aminohexanoate cyclic dimer hydrolase (EI) (4) and 6-aminohexanoate dimer hydrolase (EII) (5) are responsible for the degradation of 6-aminohexanoate cyclic dimer (AC2), a by-product of nylon manufacture, and that the EI (nylA) and ElI (nylB) genes are encoded in pOAD2, one plasmid of the three harbored in Flavobactenium sp. strain KI72 (11, 12) . The EI enzyme is composed of 493 amino acids (14) and is specifically active towards 6-aminohexanoate cyclic dimer (4) . The EII enzyme is composed of 392 amino acid residues (10, 13) and digests 6-aminohexanoate oligomers with a degree of polymerization of 2 to 20 by exo-type reactions (5) .
Recently (8) . In this article, we purified the EIII enzyme from Escherichia coli KP3998 harboring pULC4 (a hybrid plasmid which consists of expression vector pKP1500 [7] and the 1.2-kb BglII-BamHI fragment of pOAD21 encoding the nylC gene [8] The column was then washed with 100 ml of buffer A, and finally, the purified enzyme was eluted out by the same linear gradient of NaCl as that described above in a total volume of 300 ml. Proteins were measured by theA280. Concentrations of the EIII enzyme were calculated by assuming thatA % is 20. To measure the EIII enzyme activities, the enzyme was incubated at 30°C with 2.5 mg of unfractionated nylon oligomers, nylon oligomer mixture type 2 (Nom2), per ml (8) in buffer A. Free amino groups liberated by hydrolysis were measured by the trinitrobenzene sulfonic acid method (3, 4) . One unit of the enzyme was defined as the amount of enzyme which generates one micromole of amino group in 1 min.
The EIII enzyme was purified 95-fold from the cell extracts with a yield of 15% ( Table 1 ). The purified enzyme gave a single band having a relative mobility (Rf) of 0.60 on nondenatured polyacrylamide gel electrophoresis (nondenatured PAGE; Fig. 1A ) and a single peak on high-performance gel filtration chromatography (data not shown), indicating that the enzyme is homogeneous. This enzyme preparation was the one used for further study.
Amino acid sequencing of the N-terminal region of the enzyme gave a mixture of two polypeptides for each sequencing cycle. One is that of Met-Asn-Thr-Thr-Pro-Val-, which is identical to the sequence starting from the initiation codon deduced from its nucleotide sequence, while the other is of Thr-Thr-Ile-Ser-Ala-, which corresponds to the sequence starting from position 267 of the deduced open reading frame. On the basis of the deduced sequence, the Mrs of polypeptides I (amino acid positions 1 to 266) and II (amino acid positions 267 to 355) were calculated to be 27,408 and 9,513, respectively (8) . These results are congruent with the Mrs of the two polypeptides identified by sodium dodecyl sulfate (SDS)-PAGE, i.e., 31,000 and 9,000 (Fig.  1B) . These results suggest that the two polypeptides (polypeptides I and II) were generated by specific cleavage between Asn-266 and Thr-267 in the EIII polypeptide, although it is not known when such specific cleavage occurred.
When the purified EIII enzyme was incubated with unfractionated nylon oligomers (Nom2) (8) , linear oligomers of 6-aminohexanoate such as the tetramer (A4) and the pentamer (AS) were initially produced and subsequently converted to smaller oligomers such as the dimer (A2) (Fig. 2) . From the synthetic A4, the EIII enzyme produced A2 as the sole reaction product (Fig. 3A) . This result is quite different from that of the EII enzyme, which hydrolyzes the 6-aminohexanoate-oligomer from its amino terminus (5), thereby producing 6-aminohexanoate and A3 from A4 at the initial reaction stage. When similar enzymatic reactions were done with A5 as a substrate, almost equal amounts of A2 and A3 were formed initially with the EIII enzyme, whereas A4 and Al were detected with the ElI enzyme (Fig. 3B) . In addition, when the EIII enzyme was incubated with the N-carbobenzoxy-A4 (Z-A4), A2 and A3 were initially produced; Al production, which was detected only after 22 h of reaction (data not shown), followed. This indicates that the enzyme predominantly cleaved amide bonds located at the second 0 1 2 3 5 7 9 22 (h)
Thin-layer chromatography for the detection of nylon oligomer-degrading activity of the EIII enzyme. The purified EIII enzyme from E. coli(pULC4) (3 1Lg/ml) was incubated with unfractionated nylon oligomers (Nom2) (8) in buffer A (see text), and 2 ,ul of the reaction mixture was sequentially spotted on a thin-layer silica gel plate (60F254; Merck Co. Ltd.) at various times as indicated below the plate. After the plate was developed with solvent II (n-propanol, water, ethyl acetate, ammonia [24:12:4:1]) and dried, reaction products were detected with ninhydrin (0.2% in n-butanol) (2, 8) . Al, A2, A3, A4, and A5 represent the monomer, dimer, trimer, tetramer, and pentamer of 6-aminohexanoate, respectively. and third positions from the carbobenzoxy group. Therefore, the results mentioned above reveal that the EIII enzyme catalyzes the endo-type mode of reaction. Table 2 shows the specific activities of the purified EIII enzyme towards various 6-aminohexanoate-oligomers. This enzyme favored a longer chain of linear oligomer digesting the internal amide bonds preferentially but had no activity toward the cyclic dimer and caprolactam. The activity of the enzyme towards natural peptides was also tested by using 77 kinds of dipeptides. However, the EIII enzyme, at a concentration of 0.9 mg/ml, showed no activity towards any of (9) and stored at -80'C, was incubated with the substrates under the same condition.
The reaction mixtures were sequentially spotted on a thin-layer silica gel plate at the time corresponding to that shown below the plate, developed with solvent II, and detected with ninhydrin (see Fig. 2 legend) .
the natural peptides tested to date even after 18 h of reaction. Moreover, the enzyme had no detectable activity towards a tetrapeptide (Gly-Asn-Thr-Thr) which is identical to the sequence appearing at the cleavage site mentioned earlier. Thus, the hydrolytic activity of the EIII enzyme seems to be highly specific to 6-aminohexanoate-oligomers.
The present study revealed that the EIII enzyme is a new amide hydrolase which digests highly polymerized 6-aminohexanoate-oligomer by an endo-type reaction. This enzyme is considered to be classified in EC.3.5.-.-. by the rules of enzyme nomenclature.
